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PLACEMENT OF WIRELESS REPEATERS IN
A WIRELESS COMMUNICATION NETWORK

BACKGROUND

Embodiments of the mventive subject matter generally
relate to the field of wireless communication networks and,
more particularly, to a mechanism for placement of wireless
repeaters 1n a wireless communication network.

Wireless repeaters are typically deployed for extending the
communication range of an access point (or a gateway) 1n a
wireless communication network. The position of the wire-
less repeater within the wireless communication network
(e.g., horizontal position of the wireless repeater, height at
which a wireless repeater 1s placed, an orientation of the
wireless repeater relative to client stations in the wireless
communication network, antenna orientation, etc.) can
impact whether a communication link between the access
point and the client stations can be established via the wireless
repeater, whether performance requirements can be met, and
how much communication bandwidth 1s available at the client
stations.

SUMMARY

Various embodiments of a mechanism for placement of
wireless repeaters 1n a wireless communication network are
disclosed. In one embodiment, a throughput associated with a
communication link between a wireless repeater and an
access point associated with a wireless communication net-
work 1s determined. For each of one or more client stations
associated with the wireless communication network, a
throughput associated with a commumnication link between
the wireless repeater and the client station 1s determined. For
cach of the one or more client stations, a cumulative through-
put of a communication link between the access point and the
client station via the wireless repeater 1s determined based on
the throughput associated with the commumnication link
between the wireless repeater and the access point, and based
on the throughput associated with the communication link
between the wireless repeater and the client station. It 1s
determined, for each of the one or more client stations,
whether the cumulative throughput 1s greater than or equal to
a predetermined throughput threshold. Success of a current
position ol the wireless repeater with respect to the client
station 1s indicated, 1n response to determiming that the cumu-
latrve throughput is greater than or equal to the predetermined
throughput threshold. Failure of the current position of the
wireless repeater with respect to the client station 1s indicated,
in response to determining that the cumulative throughput 1s
less than the predetermined throughput threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

The present embodiments may be better understood, and
numerous objects, features, and advantages made apparent to
those skilled 1n the art by referencing the accompanying
drawings.

FIG. 1 1s an example conceptual diagram illustrating
operations ol a wireless repeater configured for analyzing the
position of the wireless repeater 1n a wireless communication
network:

FIG. 2 1s an example conceptual diagram illustrating
operations of an access point configured for analyzing the
position of a wireless repeater 1n a wireless communication
network:
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2

FIG. 3 1s a flow diagram 1llustrating example operations of
a wireless repeater configured to analyze the suitability of the

position of the wireless repeater 1n a wireless communication
network;

FIG. 4 1s a confinuation of FIG. 3 and also illustrates
example operations of the wireless repeater configured to
analyze the suitability of the position of the wireless repeater
in the wireless communication network;

FIG. 5 1s a flow diagram 1illustrating example operations of
an access point configured to analyze the suitability of the
position ol a wireless repeater 1n a wireless communication
network;

FIG. 6 1s a continuation of FIG. 5 and also 1llustrates
example operations of the access point configured to analyze
the suitability of the position of a wireless repeater 1n a wire-
less communication network;

FIG. 7 1s a flow diagram 1illustrating example operations of
the wireless repeater that operates in conjunction with the
access point for analyzing the suitability of the position of the
wireless repeater 1n a wireless communication network;

FIG. 8 1s a continuation of FIG. 7 and also 1illustrates
example operations of the wireless repeater that operates 1n
conjunction with the access point for analyzing the suitability
ol the position of the wireless repeater 1n a wireless commus-
nication network;

FIG. 9 1s an example timing diagram 900 illustrating a
mechanism for analyzing the suitability of the position of a
wireless repeater 1n a wireless communication network; and

FIG. 10 1s a block diagram of one embodiment of an
clectronic device including a mechanism for analyzing the
suitability of the position of a wireless repeater in a wireless
communication network.

DESCRIPTION OF EMBODIMENT(S)

The description that follows includes exemplary systems,
methods, techmiques, mstruction sequences, and computer
program products that embody techniques of the present
inventive subject matter. However, 1t 1s understood that the
described embodiments may be practiced without these spe-
cific details. For instance, although examples refer to analyz-
ing the current position of a wireless repeater 1n a wireless
local area network (WL AN), embodiments are not so limited.
In other embodiments, the operations for analyzing the cur-
rent position of a wireless repeater can be implemented using
other wireless communication standards and devices (e.g.,
Worldwide Interoperability for Microwave Access
(WiIMAX)). In other instances, well-known 1nstruction
instances, protocols, structures, and techniques have not been
shown 1n detail 1n order not to obfuscate the description.

Traditionally, mechanisms for determining the position of
a wireless repeater 1n a wireless communication network have
relied on the received signal strength indicator (RSSI) asso-
ciated with signals received at the wireless repeater. However,
traditional mechanisms for determining the position of the
wireless repeater may be unable to accurately estimate the
communication bandwidth available to a client station when
the wireless repeater 1s at a particular position. Consequently,
the traditional mechanisms may be unable to determine
whether the available bandwidth can support certain commu-
nications (e.g., transier of video packets) from the access
point to the client station. Furthermore, 1n some implemen-
tations, the client station may attempt to associate with the
wireless repeater even if the RSSI associated with a signal
received from the wireless repeater only marginally exceeds
the RSSI associated with a signal recerved from the access
point, which may result 1n a sub-optimal association scenario.
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In other words, the traditional mechanisms for determining
the position of the wireless repeater cannot control whether
the client station should associate with the access point or
with the wireless repeater. Therefore, 1in these scenarios, the
communication bandwidth available to (and consequently the
performance of) the client station when the client station
associates with the wireless repeater may be much lower than
the communication bandwidth available to (and consequently
the performance of) the client station when the client station
directly associates with the access point.

A repeater position analysis umit can be implemented on
the wireless repeater and/or on the access point to determine
an optimal position of the wireless repeater by taking into
consideration various performance requirements (e.g., band-
width and throughput requirements) associated with the cli-
ent stations. The repeater position analysis unit can analyze
the current position of the wireless repeater based on the
throughput achieved on communication links between the
access point, the repeater, and/or the client stations. In one
embodiment, the wireless repeater can measure the through-
put associated with communication links between the wire-
less repeater and the access point, and between the wireless
repeater and the client stations, without assistance from the
access point. The wireless repeater can then determine the
suitability of the current position of the wireless repeater. In
another embodiment, the access point in conjunction with the
wireless repeater can determine the suitability of the current
position of the wireless repeater based on the throughput
associated with communication links between the access
point and the wireless repeater, between the access point and
the client stations, and between the wireless repeater and the
client stations. Such a mechanism for determining the suit-
ability of the current position of the wireless repeater can
enable bandwidth, throughput, and other performance mea-
surements to be estimated more accurately and can improve
the performance of the wireless communication network.
Furthermore, the access point 1n conjunction with the wire-
less repeater can determine whether each of the client stations
should associate with the access point or with the wireless
repeater, which may result 1in detection and reduction of sub-
optimal associations 1n the wireless communication network.

FIG. 1 1s an example conceptual diagram illustrating
operations of a wireless repeater configured for analyzing the
position of the wireless repeater 1n a wireless communication
network 100. The wireless communication network 100 com-
prises an access point 102, a wireless repeater 104, a client
station 106, and a client station 108. The wireless repeater 104
comprises a repeater position analysis unit 112. The repeater
position analysis unit 112 comprises a traific generation unit
114 and a performance analysis unit 116. In one implemen-
tation, the access point 102, the wireless repeater 104, and the
client stations 106 and 108 may be a wireless local area
network (WLAN) access point, a WLAN repeater, and
WLAN client stations, respectively. In one implementation,
the wireless commumnication network 100 can be employed
for applications (e.g., video over wireless (VoW) applica-
tions ) that are expected to meet certain predetermined perfor-
mance requirements (e.g., a target bandwidth). In FIG. 1 (and
as will subsequently be described 1n FIGS. 3-4), the access
point 102 may not comprise functionality for determining,
throughput and/or for analyzing the current position of the
wireless repeater 104. The wireless repeater 104 can itself
execute operations for estimating the throughput of the wire-
less communication link between the access point 102 and the
client stations 106 and 108 via the wireless repeater 104, as
will be described below with reference to stages A-D.
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At stage A, the traffic generation unit 114 generates and
transmits training packets to the access point 102 and to each
client station 106 and 108 in the wireless communication
network 100. In one implementation, the training packets can
comprise a predetermined data sequence encapsulated by
suitable WLAN packet headers. It 1s noted, however, that 1n
other implementation the training packets may be formed
differently; for example, the training packets can comprise
randomly generated data encapsulated by the WLAN packet
headers. In some implementations, the traffic generation unit
114 may transmit one training packet to the access point 102,
the client station 106, and the client station 108. In another
implementation, the traffic generation unit 114 may transmit
(across a predetermined number of time intervals) any suit-
able number of packets to the access point 102, the client
station 106, and the client station 108. In response to the
training packets, the traffic generation unit 114 can receive
one or more acknowledgement messages from the access
point 102, the client station 106, and the client station 108.

At stage B, the performance analysis unit 116 calculates
the throughput associated with the wireless communication
link between the wireless repeater 104 and each client station
106 and 108 (“repeater-client throughput™) and the through-
put associated with the wireless communication link between
the wireless repeater 104 and the access point 102 (“repeater-
AP throughput™) based on the acknowledgement messages
received at stage A. As will be described with reference to
blocks 314-316 of FIGS. 3-4, the performance analysis unit
116 can determine one or more performance measurements
(e.g., packet error rate or PER) associated with the acknowl-
edgment messages recerved from the access point 102, the
client station 106, and the client station 108. Based on these
performance measurements, the performance analysis umit
116 can then calculate the repeater-AP throughput and the
repeater-client throughputs.

At stage C, the performance analysis unit 116 estimates the
throughput associated with the wireless communication link
between the access point 102 and each client station 106 and
108 via the wireless repeater 104 (“AP-repeater-client
throughput™). As will be described with reference to block
318 of FI1G. 4, the performance analysis unit 116 can estimate
the AP-repeater-client throughput for each of the client sta-
tions 106 and 108 based on the repeater-AP throughput and
the repeater-client throughputs determined at stage B. The
AP-repeater-client throughput for a particular client station 1s
based on the repeater-AP throughput and the repeater-client
throughput for the particular client station and may be
referred to as a cumulative throughput.

At stage D, the performance analysis unit 116 1dentifies
client stations for which the AP-repeater-client throughput
exceeds a predetermined throughput threshold. As will be
described below with reference to blocks 320-324 of FIG. 4,
the performance analysis unit 116 can compare the AP-re-
peater-client throughput against a predetermined throughput
threshold that 1s dependent, at least 1n part, on performance
requirements associated with the client stations 106 and 108.
The performance analysis unit 116 can identify client stations
where the current position of the wireless repeater 104 satis-
fies the performance requirements associated with the client
stations. For example, the performance analysis unit 116 may
determine that the AP-repeater-client throughput associated
with the client station 108 falls below the predetermined
throughput threshold. Therefore, the performance analysis
unit 116 can determine that the current position of the wire-
less repeater 104 does not satisty the performance require-
ments associated with the client station 108. In some 1mple-
mentations, the wireless repeater 104 may be moved to a new
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position and the throughputs at the new position of the wire-
less repeater 104 may be analyzed to determine whether the
new position of the wireless repeater 104 satisfies the perfor-

mance requirements associated with the client stations 106
and 108.

FIG. 2 1s an example conceptual diagram illustrating
operations of an access point configured for analyzing the
position ol a wireless repeater 1n a wireless communication
network 200. The wireless communication network 200 com-
prises an access point 202, a wireless repeater 210, a client
station 206, and a client station 208. The wireless repeater 210
comprises a repeater position analysis unit 212. The access
point 202 also comprises a repeater position analysis unit 204.
In one implementation, the repeater position analysis units
204 and 212 can each include a traflic generation unit and a
performance analysis unit (similar to the repeater position
analysis unit 112 of FIG. 1). In one implementation, the
access point 202, the wireless repeater 210, and the client

stations 206 and 208 may be a wireless local area network
(WLAN) access point, a WLAN repeater, and WLAN client

stations, respectively. In FIG. 2 (and as will subsequently be
described 1in FIGS. 5-9), the access point 202 may comprise
functionality for determining throughput and/or for analyz-
ing the current position of the wireless repeater 104. The
access point 202 1n conjunction with the wireless repeater 210
can execute operations for analyzing the current position of
the wireless repeater 210 and for determining whether the
client stations 206 and 208 should connect to the access point
202 via a direct connection or via the wireless repeater 210, as
will be described below with reference to stages A-F.

At stage A, the repeater position analysis unit 204 calcu-
lates an access point throughput table comprising the
throughput associated with wireless communication links
between the access point 202 and the wireless repeater 210
(“AP-repeater throughput™), and between the access point
202 and each client station 206 and 208 (“AP-client through-
put”) 1in the wireless communication network 200. As will be
described with reference to blocks 502-510 of FIG. 5, the
repeater position analysis unit 204 transmits training packets
to the client stations 206 and 208 and to the wireless repeater
210, recerves acknowledgement messages from the client
stations 206 and 208 and the wireless repeater 210 1nresponse
to the training packets, determines performance measure-
ments associated with the recerved acknowledgment mes-
sages, and determines the AP-repeater throughput and the
AP-client throughputs based on the performance measure-
ments. The repeater position analysis unit 204 can then store
the AP-repeater throughput and the AP-client throughputs in
the access point throughput table. After the access point
throughput table 1s generated, the access point 202 can switch
to a client mode and can cause the wireless repeater 210 to
assume the role of the access point (1.e., switch to the access
point mode) for measurement purposes in the wireless com-
munication network 200.

At stage B, the repeater position analysis unit 212 of the
wireless repeater 210 calculates a repeater throughput table
comprising the repeater-client throughput associated with
cach of the client stations 206 and 208. As will be described
with reference to blocks 312-316 of FIGS. 3-4 and with
reference to blocks 708-714 of FIGS. 7-8, the repeater posi-
tion analysis unit 212 transmits traimng packets to the client
stations 206 and 208, receives acknowledgement messages
from the client stations 206 and 208 1n response to the training
packets, determines performance measurements associated
with the recerved acknowledgment messages, and determines
the repeater-client throughput based on the performance mea-
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surements. The repeater position analysis unit 212 can then
store the repeater-client throughputs 1n the repeater through-
put table.

At stage C, the repeater position analysis unit 212 provides
the repeater throughput table to the access point 202. Subse-
quently, the wireless repeater 210 can switch from the access
point mode to the client mode, and the access point 202 can
switch from the client mode to the access point mode.

At stage D, the repeater position analysis unit 204 deter-
mines an access point association table and a repeater asso-
ciation table based on the access point throughput table and
the repeater throughput table. As will be described below with
reference to blocks 516-526 of FIG. 6, the repeater position
analysis umit 204 can calculate the AP-repeater-client
throughput for each of the client stations 206 and 208 based
on the access point throughput table and the repeater through-
put table. For each of the client stations 206 and 208, the
repeater position analysis umt 204 can determine whether a
direct wireless communication link between the access point
202 and the client station vields better performance as com-
pared to a 1-hop wireless communication link between the
access pomnt 202 and the client station via the wireless
repeater 210. The access point association table can comprise
a list of client stations where the AP-client throughput is
better than the AP-repeater-client throughput. The repeater
association table can comprise a list of client stations where
the AP-repeater-client throughput 1s better than the AP-client
throughput (e.g., by at least a predetermined percentage). The
repeater position analysis unit 204 can also provide the
repeater association table to the wireless repeater 210.

At stage E, the wireless repeater 210 switches from the
client mode to a repeater mode and permits client stations
identified in the repeater association table to associate with
the wireless repeater 210. On receiving a control message
(e.g., from the client station 206) to connect to the wireless
repeater 210, the wireless repeater 210 can determine whether
the client station 206 1s listed 1n the repeater association table.
If so, then on receiving an association request message from
the client station 206, the wireless repeater 210 can transmit
an association response message and can associate with the
client station 206. If the client station 206 1s not listed 1n the
repeater association table, then on recerving an association
request message from the client station 206, the wireless
repeater 210 can transmit an association failed response. In
other words, the wireless repeater 210 can prevent association

with (or block) the client station 206 and therefore, effectively
cause the client station 206 to associate with the access point
202.

At stage F, the access point 202 connects to and associates
with client stations 1dentified 1n the access point association
table. On recerving a control message (e.g., from the client
station 208) to connect to the access point 202, the access
point 202 can determine whether the client station 208 1s
listed 1n the access point association table. If so, then on
receiving an association request message from the client sta-
tion 208, the access point 202 can transmit an association
response message and can associate with the client station
208. If the client station 208 1s not listed 1n the access point
association table, then on recerving an association request
message from the client station 208, the access point 202 can
block the client station 208 and therefore, effectively cause

the client station 208 to associate with the wireless repeater
210.
FIG. 3 and FIG. 4 depict a flow diagram (“flow”) 300

illustrating example operations of a wireless repeater config-
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ured to analyze the suitability of the position of the wireless
repeater 1n a wireless communication network. The tlow 300
begins at block 302 1n FIG. 3.

At block 302, a wireless repeater determines to analyze
throughput at the current position of the wireless repeater 1n a
wireless communication network. For example, with refer-
ence to FIG. 1, the repeater position analysis unit 112 of the
wireless repeater 104 can determine to analyze the suitability
of the current position of the wireless repeater 104 1n the
wireless communication network 100. In some implementa-
tions, the repeater position analysis unit 112 can analyze the
suitability of the current position of the wireless repeater 104
in response to a trigger from a network administrator. In
another implementation, the repeater position analysis unit
112 can analyze the suitability of the current position of the
wireless repeater 104 at periodic intervals. In another imple-
mentation, the repeater position analysis unit 112 can analyze
the suitability of the current position of the wireless repeater
104 1n response to detecting (or receiving an indication of)
performance degradation in the wireless communication net-
work 100. In one implementation, the repeater position analy-
s1s unit 112 can be enabled 1n response to determining to
analyze the suitability of the current position of the wireless
repeater 104. The flow continues at block 304.

At block 304, one or more client stations in the wireless
communication network are identified. For example, the
repeater position analysis unit 112 can identily the client
stations 106 and 108 in the wireless communication network
100. The repeater position analysis unit 112 can also identily
the access point 102 associated with the wireless communi-
cation network 100. In one implementation, the network
administrator may program information identifying the client
stations 106 and 108 and the access point 102 1n the repeater
position analysis umt 112. In another implementation, the
repeater position analysis unit 112 can automatically identify
the client stations 106 and 108 and the access point 102. The
flow continues at block 306.

At block 306, the repeater-AP throughput associated with
a wireless communication link between the access point of
the wireless communication network and the wireless
repeater 1s calculated. For example, the repeater position
analysis umt 112 can calculate the repeater-AP throughput.
As will be described below with reference to blocks 310-316,
to calculate the repeater-AP throughput, the traffic generation
unit 114 can transmit one or more training packets to the
access point 102 and recerve acknowledgment messages (1n
response to the one or more training packets) from the access
point 102. Based on performance measurements determined
from the acknowledgment messages, the performance analy-
s1s unit 116 can calculate the repeater-AP throughput 1n
accordance with Eq. 1 (described with reference to block
316). The tlow continues at block 308.

At block 308, a loop begins for each of the one or more
client stations in the wireless communication network. For
example, the repeater position analysis unit 112 can initiate a
loop to analyze each of the client stations 106 and 108 1n the
wireless communication network 100. As will be described
below with reference to blocks 310-326, the repeater position
analysis unit 112 can identily client stations at which the
current position of the wireless repeater 104 satisfies pertfor-
mance requirements associated with the client stations. The
flow continues at block 310.

At block 310, a training packet 1s transmitted to the client
station. For example, the traific generation unit 114 can trans-
mit the training packet to the client station 106. In one 1mple-
mentation, the traiming packet can comprise predetermined
data (e.g., a predetermined combination of zeros and ones). In
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another implementation, the traffic generation unit 114 can
randomly generate (e.g., using a random number generator)
the data to be transmitted within the training packet. The flow
continues at block 312.

At block 312, an acknowledgment message 1s recetved
from the client station in response to the training packet. For
example, the traffic generation unit 114 can receive an
acknowledgment message (e.g., an ACK packet, a block ACK
packet, etc.) that indicates successiul reception of the traiming,
packet at the client station 106. The flow continues at block
314.

At block 314, one or more performance measurements are
determined based on the recerved acknowledgement mes-
sage. For example, the performance analysis unit 116 can
determine one or more performance measurements 1n
response to receiving the acknowledgement message from
the client station 106 (at block 312). In one implementation,
the performance analysis unit 116 can determine a data com-
munication rate (e.g., a physical layer (PHY) rate), a packet
error rate (PER), a packet success rate, a number of overhead
bits exchanged via the wireless communication link (i.e., a
total number of overhead bits 1n the training packet and the
acknowledgement message), and/or other performance mea-
surements. The number of overhead bits can vary depending
on the communication protocol implemented by the wireless
repeater 104 and the client station 106. In one implementa-
tion, the performance analysis unit 116 may not determine the
exact number of overhead bits exchanged via the wireless
communication link between the wireless repeater 104 and
the client station 106. Instead, the performance analysis unit
116 may estimate (or heuristically determine) a factor (k) that
1s proportional to the number of overhead bits exchanged via
the wireless communication link between the wireless
repeater 104 and the client station 106. The flow continues at
block 316 in FIG. 4.

At block 316, the repeater-client throughput associated
with the wireless communication link between the wireless
repeater and the client station 1s calculated based onthe one or
more performance measurements. For example, the perfor-
mance analysis unit 116 can determine the repeater-client
throughput associated with the client station 106 based on the
one or more performance measurements determined at block
314. In one implementation, the repeater-client throughput
can be calculated as a product of the PHY rate, the packet
success rate, and the number of overhead bits exchanged via
the wireless communication link, as depicted with reference
to Eq. 1. With reference to Eq. 1, k represents a scale factor
that 1s proportional to the overhead associated with the com-
munication protocol implemented at the wireless repeater
104 and at the client station 106. Also, the factor kK*PHY rate

represents the effective throughput achieved for a specified
PHY rate.

Througput=k*PHY rate®(1-PER) Eg. 1

It 1s noted that Eq. 1 1s one example representation of the
repeater-client throughput. It 1s noted that the repeater-AP
throughput and the repeater-client throughput calculated
based on the product of the PHY rate, the packet success rate,
and the number of overhead bits exchanged via the wireless
communication link (as depicted with reference to Eq. 1) may
also be referred to as the repeater-AP goodput and the
repeater-client goodput, respectively. In one example, good-
put can be defined as a measure of useful bits exchanged via
the wireless communication links, and which excludes
dropped packets, packet retransmissions, and protocol over-
head. In other implementations, the repeater-client through-
put (and the repeater-AP throughput) can be calculated using
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any suitable combination of performance measurements and/
or any suitable throughput (or goodput) estimation tech-
niques. For example, 1n addition to the PHY rate, the PER,
and the number of overhead bits, other performance measure-
ments such as RSSI, error vector magnitude (EVM), etc. can
also be taken into consideration in calculating the repeater-
client throughput. In other embodiments, instead of calculat-
ing the repeater-client throughput, individual performance
measurements (e.g., the PER) can be analyzed to quantity the
position of the wireless repeater 104. In some 1mplementa-
tions, the performance analysis umt 116 can also populate a
repeater throughput table. The repeater throughput table can
comprise identifying information (e.g., a network address
and/or association ID) associated with the client station 106
and the corresponding repeater-client throughput. The per-
formance analysis unit 116 can maintain the repeater

throughput table 1n a file, a predetermined memory location,
an external storage device, or other suitable storage locations.
The flow continues at block 318.

At block 318, the AP-repeater-client throughput (referred
to as cumulative throughput) i1s estimated based on the
repeater-AP throughput and the repeater-client throughput.
The AP-repeater-client throughput can be representative of
the throughput associated with the wireless communication
link between the access point 102 and the client station 102
via the wireless repeater 104. For example, the performance
analysis unit 116 can estimate the AP-repeater-client
throughput based on the repeater- AP throughput (determined
at block 306) and the repeater-client throughput (determined
at block 316). In some 1mplementations, the performance
analysis unit 116 can calculate the AP-repeater-client
throughput 1n accordance with Eq. 2. In other implementa-
tions, the performance analysis unit 116 can calculate the

AP-repeater-client throughput 1 accordance with Eqg. 3,
which 1s a simplified representation of Eq. 2. The flow con-
tinues at block 320.

AP _repeater client througpur = Eq. 2
(repeater_AP throughput) % (repeater_client throughpui)
(repeater_ AP throughput) + (repeater_client throughput)

AP_repeater client througpur = Eq. 3

1
5 + min(repeater_ AP throughput repeater_client throughpui
The AP-repeater-client throughput (.e., cumulative

throughput) may be estimated by a variety of ways. For
example, shown 1n Eq. 2, the AP-repeater-client throughput
may be determined by calculating a product of the throughput
associated with the communication link between the wireless
repeater and the access point and the throughput associated
with the communication link between the wireless repeater
and the client station; calculating a sum of the throughput
associated with the communication link between the wireless
repeater and the access point and the throughput associated
with the communication link between the wireless repeater
and the client station; and dividing the calculated product by
the calculated sum to yield the cumulative throughput of the
communication link between the access point and the client
station via the wireless repeater. In the example, shown 1n Eq.
3, the AP-repeater client throughput may be determined by
determining a minimum throughput value between the
throughput associated with the communication link between
the wireless repeater and the access point and the throughput
associated with the communication link between the wireless
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repeater and the client station; and multiplying the deter-
mined minimum throughput value by a predetermined scale
factor to yield the cumulative throughput of the communica-
tion link between the access point and the client station via the
wireless repeater.

At block 320, 1t 1s determined whether the estimated AP-
repeater-client throughput i1s greater than a predetermined
throughput threshold. For example, the performance analysis
umt 116 can determine whether the AP-repeater-client
throughput (determined at block 318) 1s greater than the pre-
determined throughput threshold. In one implementation, the
performance analysis unit 116 can calculate the predeter-
mined throughput threshold based on throughput require-
ments associated with the wireless repeater 104, the access
point 102, the client stations 106 and 108, and/or the wireless
communication network 100. In some implementations, the
predetermined throughput threshold 1s also configurable. If 1t
1s determined that the estimated AP-repeater-client through-
put 1s greater than the predetermined throughput threshold,
the flow continues at block 322. Otherwise, the flow contin-
ues at block 324.

At block 322, 1t 1s determined that the current position of
the wireless repeater satisfies performance requirements for
the client station. The flow 300 moves from block 320 to
block 322 11 the performance analysis unit 116 determines
that the estimated AP-repeater-client throughput 1s greater
than the predetermined throughput threshold. The AP-re-
peater-client throughput being greater than the predetermined
throughput threshold can indicate that the wireless repeater
104 can satisty the throughput requirements associated with
the client station 106 when the wireless repeater 104 1s at its
current position. The performance analysis unit 116 can 1ndi-
cate success of the current position of the wireless repeater
104 with respect to the client station 106 using LEDs or a
display unit. For example, the performance analysis unit 116
can switch on the LED associated with the client station 106
in response to determining that the wireless repeater 104
satisfies the performance requirements associated with the
client station 106. As another example, the performance
analysis umt 116 can present the address of the client station
106 and the AP-repeater-client throughput on the display unit
(e.g., LCD display), and can indicate success of the current
position of the wireless repeater 104 with respect to the client
station 106 on the display unit. The tlow continues at block
326.

At block 324, 1t 1s determined that the current position of
the wireless repeater does not satisiy performance require-
ments for the client station. The tlow 300 moves from block
320 to block 324 11 the performance analysis unit 116 deter-
mines that the estimated AP-repeater-client throughput 1s less
than the predetermined throughput threshold. The AP-re-
peater-client throughput being less than the predetermined
throughput threshold can indicate that the wireless repeater
104 cannot satisty the throughput requirements associated
with the client station 108 when the wireless repeater 104 1s at
its current position. The performance analysis unit 116 can
indicate failure of the current position of the wireless repeater
104 with respect to the client station 108 using LEDs or the
display unit (similarly as was described above). For example,
the performance analysis unit 116 may not switch onthe LED
associated with the client station 108, or may present a failure
notification on the display umit (e.g., LCD display), in
response to determining that the wireless repeater 104 does
not satisty the performance requirements associated with the
client station 108. The tlow continues at block 326.

At block 326, it 1s determined whether additional client
stations 1n the wireless communication network are to be
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analyzed. For example, the performance analysisunit 116 can
determine whether additional client stations are to be ana-
lyzed. If 1t 1s determined that there exist additional client
stations 1n the wireless communication network 100 to be
analyzed, the flow continues at block 308 in FI1G. 3, where the
next client station 1s identified and operations described
above with reference to blocks 310-326 are executed for the
next client station. Otherwise, the flow ends.

It 1s noted that although FIG. 3 depicts the traffic generation
unit 114 transmitting one training packet to the access point
102 and to each of the client stations 106 and 108, embodi-
ments are not so limited. In some implementations, the traffic
generation unit 114 may transmit any suitable number of
training packets during different time intervals and may
receive one or more acknowledgement messages 1n response
to the training packets. The performance analysis unit 116
may then determine the performance measurements based on
the received one or more acknowledgement messages. Fur-
thermore, although FIG. 3 depicts the traffic generation unit
114 successively transmitting the traiming packets to the
access point 102 and to each of the client stations 106 and 108,
embodiments are not so limited. In other embodiments, the
traffic generation unit 114 may broadcast the training packets
to all the wireless devices (e.g., the access point 102, the client
station 106, and the client station 108) in the wireless com-
munication network 100 simultaneously. The traffic genera-
tion unit 114 can then wait to receive (from each of the
wireless devices) acknowledgement messages that indicate
successiul receipt of the broadcast training packet.

In some implementations, as will be further described with
reference to FIGS. 5-8, both the access point and the wireless
repeater can be configured to implement functionality for
analyzing the suitability of the current position of the wireless
repeater. Such a mechanism can improve the accuracy asso-
ciated with the analysis of the current position of the wireless
repeater and can minimize sub-optimal associations. FIGS.
5-6 further describe operations of the access point imple-
menting functionality for analyzing the throughputs at the
current position of the wireless repeater. FIGS. 7-8 describe
operations of the wireless repeater implementing functional-
ity (when assisted by the access point) for analyzing the
throughputs at the current position of the wireless repeater.

FIG. § and FIG. 6 depict a flow diagram 500 1llustrating,
example operations of an access point configured to analyze
the suitability of the position of a wireless repeater 1n a wire-
less communication network. The flow 500 begins at block
502 1n FIG. 5.

At block 502, an access point determines to analyze the
throughput at the current position of a wireless repeater 1n a
wireless communication network. For example, with refer-
ence to FIG. 2, repeater position analysis unit 204 of the
access point 202 can determine to the analyze the throughput
at, and the suitability of, the current position of the wireless
repeater 210 1n the wireless communication network 200. The
repeater position analysis unit 202 can determine to analyze
the suitability of the current position of the wireless repeater
210 1n response to a trigger from a network administrator, at
periodic mtervals, 1n response to detecting performance deg-
radation 1n the wireless communication network 200, and/or
based on other criteria. The flow continues at block 504.

At block 504, one or more client stations associated with
the access point 1n the wireless communication network are
identified. For example, the repeater position analysis unit
204 canidentity the client stations 206 and 208 1n the wireless
communication network 200. Because the client stations 206
and 208 exchange control messages for connecting to and
associating with the access point 202, the access point 202
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can keep track of the client stations 206 and 208 with which
it has established a wireless communication link. In some
examples, the repeater position analysis umt 204 can access a
predetermined memory location associated with the access
point 202 where the client station information 1s stored, or can
query an access point connection manager to determine the
client stations 206 and 208 associated with the access point
202. The flow continues at block 506.

At block 506, for each of the one or more client stations, the
AP-client throughput associated with a wireless communica-
tion link between the access point and the client station 1s
calculated. For example, the repeater position analysis unit
204 of the access pomnt 202 can calculate the AP-client
throughput for each of the client stations 206 and 208 asso-
ciated with the access point 202. As described above with
reference to blocks 310-316 of FIGS. 3-4, the repeater posi-
tion analysis unit 204 can transmit one or more training pack-
cts to the client stations 206 and 208. The repeater position
analysis umt 204 can receive acknowledgement messages
from the client stations 206 and 208 indicating successiul
reception of the traiming packets. The repeater position analy-
s1s unit 204 can determine performance measurements asso-
ciated with the recerved acknowledgement messages and can
calculate the AP-client throughput based on the performance
measurements (e.g., using Eq. 1 shown above). In some
implementations, 1f the repeater position analysis unit 204
determines multiple values of the AP-client throughput
across multiple time 1ntervals, the repeater position analysis
umt 204 can calculate an average AP-client throughput. The
flow continues at block 508.

At block 508, the AP-repeater throughput associated with a
wireless communication link between the access point and
the wireless repeater 1s calculated. For example, the repeater
position analysis unit 204 can calculate the AP-repeater
throughput associated with the wireless communication link
between the access point 202 and the wireless repeater 210.
As described above with reference to blocks 310-316 of
FIGS. 3-4, the repeater position analysis unit 204 can transmut
one or more training packets to the wireless repeater 210. The
repeater position analysis unit 204 can receive acknowledge-
ment messages from the wireless repeater 210 indicating
successiul receipt of the training packets. The repeater posi-
tion analysis unit 204 can determine performance measure-
ments associated with the received acknowledgement mes-
sages and can calculate the AP-repeater throughput (or an
average AP-repeater throughput) based on the performance
measurements (e.g., using Eq. 1 shown above). The flow
continues at block 510.

At block 510, an access point throughput table comprising
the AP-repeater throughput and the AP-client throughput
associated with each of the one or more client stations 1s
populated. For example, the repeater position analysis unit
204 can store the AP-repeater throughput (or the average
AP-repeater throughput) and the AP-client throughput (or the
AP-client throughput) associated with each of the client sta-
tions 206 and 208 in the access point throughput table. The
flow continues at block 512.

At block 512, the access point switches to a client mode
and causes the wireless repeater to determine the repeater-
client throughput associated with each of the one or more
client stations. For example, after the access point throughput
table 1s generated, the repeater position analysis unit 204 can
provide a control message to the wireless repeater 210 to
cause the wireless repeater 210 to switch from a client mode
to an access point mode. The repeater position analysis unit
204 can then cause the access point 202 to switch to the client
mode. After the access point 202 switches to the client mode,
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the client stations 206 and 208 previously associated with the
access point 202 can disassociate from the access point 202.
The client stations 206 and 208 can then associate with the
wireless repeater 210 that 1s configured 1n the access point
mode. As will turther be described with reference to FIGS.
7-8, alter switching to the access point mode, the wireless
repeater 210 can determine the repeater-client throughput
associated with each of the client stations 206 and 208 1n the
wireless communication network 200. The tlow continues at

block 514.

At block 514, a repeater throughput table comprising the
repeater-client throughput associated with each of the one or
more client stations 1s recerved. For example, the repeater
position analysis unit 204 can receive, from the wireless
repeater 210, the repeater throughput table comprising the
repeater-client throughput associated with each of the client
stations 206 and 208. Operations of the wireless repeater 210
determining the repeater-client throughput and determining
the repeater throughput table will be further described below
in FIGS. 7-8. The tlow continues at block 515.

At block 515, the access point switches from the client
mode to the access point mode. For example, on receiving the
repeater throughput table, the repeater position analysis unit
204 can cause the access point 202 to switch to the access
point mode. Furthermore, on receving the repeater through-
put table, the access point 202 can transmit another control
message to the wireless repeater 210 to cause the wireless
repeater 210 to switch back to the client mode. After the
access point 202 switches to the access point mode, the client
stations 206 and 208 previously associated with the wireless
repeater 210 can disassociate from the wireless repeater 210.
The client stations 206 and 208 can then associate with the

access point 202 that 1s configured 1n the access point mode.
The flow continues at block 516 1n FIG. 6.

At block 516, a loop begins for each of the one or more
client stations 1n the wireless communication network. For
example, the repeater position analysis unit 204 can initiate a
loop to analyze each of the client stations 206 and 208 1n the
wireless communication network 200. As will be further
described below with reference to blocks 518-526, based on
the repeater throughput table and the access point throughput
table, the repeater position analysis unit 204 can determine
whether a direct connection with each client station or a 1-hop
connection with each client station via the wireless repeater
210 yields the best throughput. The tlow continues at block
518.

At block 518, an AP-repeater-client throughput (cumula-
tive throughput) 1s calculated based on the AP-repeater
throughput and the repeater-client throughput. For example,
the repeater position analysis unit 204 can calculate the AP-
repeater-client throughput based on the AP-repeater through-
put (determined at block 508) and the repeater-client through-
put (recerved in the repeater throughput table at block 514).
The AP-repeater-client throughput for the client station 206
can be representative of the throughput achieved on the wire-
less communication link between the access point 202 and the
client station 206 via the wireless repeater 210. In some
implementations, the repeater position analysis unit 204 can
calculate the AP-repeater-client throughput in accordance
with Eq. 4. In other implementations, the repeater position
analysis unit 204 can calculate the AP-repeater-client
throughput in accordance with Eq. 5, which 1s a simplified
variant of Eq. 4. The tlow continues at block 520.
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AP _repeater client througpur = Eq. 4

(AP_repeater throughput)  (repeater_client throughput

(AP_repeater throughput) + (repeater_client throughput)

AP repeater client througput = Eq. S

1
5 * min(AP_repeater throughput repeater_client throughput)

At block 520, 1t 1s determined whether the AP-client
throughput 1s greater than the AP-repeater-client throughput.
For example, the repeater position analysis unit 204 can deter-
mine whether the AP-client throughput 1s greater than the
AP-repeater-client throughput. In other words, the repeater
position analysis unit 204 can determine whether directly
communicating with the client station 206 will yield a better
performance than communicating with the client station 206
via the wireless repeater 210. In some implementations, the
repeater position analysis unit 204 may simply determine
whether the AP-client throughput 1s greater than the AP-
repeater-client throughput to determine whether the client
station 206 should connect to the access point 202 via a direct

connection or via the wireless repeater 210. In another imple-
mentation, the repeater position analysis unit 204 may deter-
mine whether the AP-repeater-client throughput 1s greater
than the AP-client throughput by a predetermined margin
(e.g., by 25%) to determine whether the client station 206
should connect to the access point 202 via a direct connection
or via the wireless repeater 210. The predetermined margin
can be configurable and can be selected to maintain a balance
between decrease 1in communication bandwidth 11 the client
station 206 connects to the access point 202 via the wireless
repeater 210 and a corresponding increase in throughput. In
one example, the predetermined margin can be selected to be
25%. In another example, the predetermined margin can be
selected to be 15%. In determiming whether the client station
206 should connect to the access point 202 via a direct con-
nection or via the wireless repeater 210, the repeater position
analysis unit 204 may also take available communication
bandwidth and the performance requirements associated with
the client station 206, the access point 202, and the wireless
repeater 210 1nto consideration. IT i1t 15 determined that the
AP-client throughput 1s greater than the AP-repeater-client
throughput, the flow continues at block 522. Otherwise, the
flow continues at block 524.

At block 522, 1t 1s indicated 1n an access point association
table that the client station should associate directly with the
access point. The tlow 500 moves from block 520 to block
522 11 the repeater position analysis unit 204 determines that
the AP-client throughput associated with the client station 1s
greater than the AP-repeater-client throughput associated
with the same client station. The access point association
table can comprise a list of client stations with which the
access point 202 can associate (e.g., on receiving an associa-
tion request message from the client stations). The access
point 202 can block all other client stations (not listed within
the access point association table) that have a higher AP-
repeater-client throughput as compared to the AP-client
throughput. For example, the repeater position analysis unit
204 can indicate, in the access point association table, that the
client station 206 should associate directly with the access
point 202. Thus, the access point 202 can associate with the
client station 206 in response to receiving an association
request message from the client station 206. However, in
response to recerving an association request message from the
client station 208, the access point 202 can transmit an asso-
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ciation denied message and can prevent association with the
client station 208. The tlow continues at block 526.

At block 524, it 1s indicated 1n a repeater association table
that the client station should connect to the access point via
the wireless repeater. The flow 500 moves from block 520 to
block 524 11 the repeater position analy31s umt 204 deter-
mines that the AP-client throughput 1s not greater than the
AP-repeater-client throughput. The repeater association table
can comprise a list of client stations with which the wireless
repeater 210 can associate (e.g., on recerving an association
request message from the client stations). For example, the
repeater position analysis unit 204 can indicate, in the
repeater association table, that the wireless repeater 210
should associate with the client station 208. The tlow contin-
ues at block 526.

At block 526, 1t 1s determined whether additional client
stations 1n the wireless communication network are to be
analyzed. For example, the repeater position analysis umt 204
can determine whether additional client stations are to be
analyzed. IT 1t 1s determined that additional client stations 1n
the wireless communication network 200 are to be analyzed
the flow continues at block 516 where a next client station 1s
identified and operations described above with reference to
blocks 518-526 are executed for the next client station. Oth-
erwise, the flow continues at block 528.

Atblock 528, an indication of the repeater association table
1s provided to the wireless repeater. For example, the repeater
position analysis unit 204 can provide the repeater associa-
tion table to the wireless repeater 210. As will be described
with reference to FI1G. 8, the wireless repeater 210 can asso-
ciate with the client stations that are included 1n the repeater
association table. The flow continues at block 530.

At block 530, client stations 1dentified 1n the access point
association table are permitted to associate with the access
point. For example, as described above, the access point can
permit client stations 1dentified in the access point association
table to associate with the access point (e.g., the access point
can transmit association response messages) and can block
client stations that are not identified in the access point asso-
ciation table. From block 530, the flow ends.

It 1s noted that 1n some implementations, the repeater posi-
tion analysis unit 204 can determine whether the AP-repeater-
client throughput and the AP-client throughput are greater
than the predetermined throughput threshold, as described
with reference to block 320 of FIG. 4. If only one of the
AP-repeater-client throughput or the AP-client throughput 1s
greater than the predetermined throughput threshold, the
repeater position analysis unit 204 can select the wireless
communication link that yields the throughput that 1s greater
than the predetermined throughput threshold. For example, 1T
the repeater position analysis unit 204 determines that the
AP-repeater-client throughput 1s greater than the predeter-
mined throughput threshold and that the AP-client throughput
1s less than the predetermined throughput threshold, the
repeater position analysis unit 204 can indicate that the client
station 206 should connect to the access point 202 via the
wireless repeater 210. However, 1f both the AP-repeater-cli-
ent throughput and the AP-client throughput are greater than
the predetermined throughput threshold, the repeater position
analysis unit 204 can execute operations described with ret-
erence to block 520-524 of FIG. 6. Furthermore, in some
implementations 1f the AP-repeater-client throughput and the
AP-client throughput are both less than the predetermined
throughput threshold, the repeater position analysis unit 204
can indicate that performance requirements associated with
the client station 206 cannot be satisfied. Then, the repeater
position analysis unit 204 can prompt the network adminis-
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trator to move the wireless repeater 210 to another position
for subsequent analysis of the suitability of the new position
of the wireless repeater 210.

FIG. 7 and FIG. 8 depict a flow diagram 700 1llustrating,
example operations of the wireless repeater that operates 1n
conjunction with the access point for analyzing the suitability
ol the current position of the wireless repeater 1n a wireless
communication network. The flow 700 begins at block 702 1n
FIG. 7.

At block 702, the wireless repeater 1s 1nitialized 1n the
client mode and 1s associated with an access point of a wire-
less communication network. For example, with reference to
FIG. 2, after the wireless repeater 210 1s powered on, the
wireless repeater 210 can initialize in the client mode. The
wireless repeater 210 can detect and associate with the access
point 202 of the wireless communication network 200. The
flow continues at block 704.

At block 704, a training packet 1s received from the access
point. For example the repeater posmon analysis unit 212 of
the wireless repeater 210 can receive the training packet from
the access point 202. It 1s noted that, 1n some 1implementa-
tions, the repeater position analysis unit 212 can receive more
than one training packet from the access point 202 during
different time intervals. The tlow continues at block 706.

At block 706, an acknowledgement message 1s transmitted
to the access point 1n response to receiving the tramning
packet. For example, the repeater position analysis unit 212
can transmit the acknowledgement message (e.g., an ACK
packet) to the access point 202 to indicate successiul receipt
of the tramning packet at the wireless repeater 210. In one
implementation, 1t the repeater position analysis unit 212
receives more than one training packet from the access point
202, the repeater position analysis unit 212 can transmit a
separate acknowledgment message to indicate receipt of each
training packet. In another implementation, 1f the repeater
position analysis unit 212 receives more than one training
packet from the access point 202, the repeater position analy-
s1s unit 212 can transmit one or more block acknowledgment
messages (e.g., a block ACK packet) to indicate receipt of
multiple training packets. The flow continues at block 708.

At block 708, an indication to calculate the repeater-client
throughput 1s recerved from the access point. For example, the
repeater position analysis unit 212 can recerve a control mes-
sage from the corresponding repeater position analysis unit
204 of the access point 202 instructing the wireless repeater
210 to change from a client mode to an access point mode.
The access point 202 can also prompt the repeater position

analysis unit 212 to calculate the repeater-client throughput
associated with each of the client stations 206 and 208 1n the
wireless communication network 200. The flow continues at
bock 710.

At block 710, the wireless repeater switches to the access
point mode and associates with the one or more client stations
of the wireless communication network. For example, 1n
response to recerving the indication to calculate the repeater-
client throughput at block 708, the wireless repeater 210 can
switch from the client mode to the access point mode. When
configured 1n the access point mode, the wireless repeater 210
can associate with the client stations 206 and 208 of the
wireless communication network 200. As described above,
the wireless repeater 210 can also associate with the access
point 202, after the access point 202 switches from the access
point mode to the client mode. The tlow continues at block
712.

At block 712, the repeater-client throughput 1s calculated
for each of the one or more client stations associated with the
wireless repeater. For example, the repeater position analysis
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unit 212 can calculate the repeater-client throughput associ-
ated with the client stations 206 and 208. As described above
with reference to blocks 310-316 of FIGS. 3 and 4, the
repeater position analysis unit 212 can transmit one or more
training packets to the client stations 206 and 208 and can
receive acknowledgement messages from the client stations
206 and 208. The repeater position analysis unit 212 can
determine performance measurements associated with the
received acknowledgement messages. Consequently, the
repeater position analysis unit 212 can calculate the repeater-
client throughput associated with each of the client stations
206 and 208 based on the determined performance measure-
ments (e.g., by using Eq. 1 shown above). The tlow continues
at block 714 1n FIG. 8.

Atblock 714, a repeater throughput table 1s populated with
the repeater-client throughput associated with each of the one
or more client stations. For example, the repeater position
analysis unit 212 can store the repeater-client throughput
associated with the client stations 206 and 208 1n the repeater
throughput table. The flow continues at block 716.

At block 716, the repeater throughput table 1s provided to
the access point. For example, the repeater position analysis
unit 212 can transmit the repeater throughput table to the
access point 202. As described above, with reference to FIGS.
5-6, the access point 202 can use the repeater throughput table
in conjunction with the access point throughput table to ana-
lyze the suitability of the current position of the wireless
repeater 210, and to determine whether the client stations 206
and 208 should directly connect to the access point 202 or
should connect to the access point 202 via the wireless
repeater 210. The flow continues at block 718.

At block 718, the wireless repeater switches from the
access point mode to the client mode. In one implementation,
the repeater position analysis umt 212 can receive a control
message from the access point 202 instructing the wireless
repeater 210 to switch from the access point mode to the client
mode. Consequently, the repeater position analysis unit 212
can cause the wireless repeater 210 to switch to the client
mode. In another implementation, the repeater position
analysis unit 212 can cause the wireless repeater 210 to switch
to the client mode as soon as the repeater throughput table 1s
provided to the access point 202. In another implementation,
the repeater position analysis unit 212 can wait to receive an
acknowledgement message that indicates receipt of the
repeater throughput table at the access point 202. The repeater
position analysis unit 212 can retransmit the repeater
throughput table 1 the acknowledgment message i1s not
received. In some implementations, the repeater position
analysis unit 212 can abort operations for analyzing the suit-
ability of the current position of the wireless repeater 210 1f
the acknowledgement message 1s not recerved within a pre-
determined timeout interval and/or after a predetermined
number of retransmission attempts. Consequently, the
repeater position analysis unit 212 can cause the wireless
repeater 210 to switch to the client mode. The tlow continues
at block 720.

At block 720, a repeater association table 1s received from
the access point. For example, the repeater position analysis
unit 212 can receive the repeater association table from the
access point 202. The repeater association table can comprise
a list of client stations with which the wireless repeater 210
can associate (e.g., 1 response to receiving an association
request message from the client stations). As described above,
the client stations i1dentified 1n the repeater association table
are associated with an AP-repeater-client throughput that 1s
greater than the AP-client throughput. The tlow continues at

block 722.
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At block 722, an acknowledgement message indicating
receipt of the repeater association table 1s transmitted to the
access point. For example, the repeater position analysis unit
212 can transmit (to the access point 202) the acknowledge-
ment message indicating receipt of the repeater association
table. The flow continues at block 724.

At block 724, the wireless repeater associates with client
stations 1indicated in the repeater association table. The wire-
less repeater 210 can switch from the client mode to a repeater
mode and can permit client stations identified in the repeater
association table to associate with the wireless repeater 210.
The wireless repeater 210 can block (and prevent association
with) all other client stations (not listed on the repeater asso-
ciation table) that have a higher AP-client throughput as com-
pared to the AP-repeater-client throughput. For example, the
repeater association table may indicate that the client station
208 should connect to the access point 202 via the wireless
repeater 210. Thus, the wireless repeater 210 can associate
with the client station 208 1n response to receiving an asso-
ciation request message from the client station 208. However,
il an association request message 1s recerved from the client
station 206, the wireless repeater 210 can transmit an asso-
ciation denied message, can prevent association with the cli-
ent station 206, and/or can cause the client station 206 to
directly connect to and associate with the access point 202.
From block 724, the flow ends.

In some implementations, finite state machines can be
implemented on the access point 202 and on the wireless
repeater 210 to facilitate the exchange of throughput tables,
association tables, and other control messages between the
access point 202 and the wireless repeater 210. The timing
diagram 900 of FIG. 9 illustrates example messages
exchanged between the access point 202 and the wireless
repeater 210 for analyzing the suitability of the current posi-
tion of the wireless repeater 210.

FIG. 9 15 an example timing diagram 900 illustrating a
mechanism for analyzing the suitability of the position of the
wireless repeater 210 1n the wireless communication network
200. After the access point 202 and the wireless repeater 210
are powered on, the access point 202 1nitializes 1n the access
point mode (depicted in state 902), while the wireless repeater
210 1mtializes 1n the client mode (depicted 1n state 904). The
wireless repeater 210 and other client stations (not shown in
the timing diagram 900) associate with the access point 202.
As depicted by the state 902, the access point 202 calculates
the access point throughput table (described above with ref-
erence to blocks 506-510 of FIG. 5). At state 906, the access
point 202 i1dentifies and selects the wireless repeater 210. The
access point 202 transmits a control message 908 directing
the wireless repeater 210 to switch from the client mode to the
access point mode. The wireless repeater 210 transmits the
acknowledgment message 910 1n response to recerving the
control message 908. It 1s noted that 11 the access point 20
does not receive the acknowledgment message 910, the
access point 202 can retransmit the control message 908 until
it recerves the acknowledgment message 910 or until a pre-
determined timeout duration elapses. After the predetermined
timeout duration elapses, the access point 202 can abort
operations for analyzing the suitability of the current position
of the wireless repeater 210 and can remain in the access point
mode.

After the access point 202 recerves the acknowledgment
message 910, the access point 202 switches to the client mode
as depicted in state 912. As depicted by state 914, the wireless
repeater 210 switches to the access point mode. The access
point 202 in the client mode (and the other client stations)
associates with the wireless repeater 210 configured 1n the
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access point mode. At state 914, the wireless repeater 210 also
determines the repeater throughput table as described above
with reference to blocks 712-714 of FIG. 6-7. The wireless
repeater 210 transmits (to the access point 202) amessage 916
comprising the repeater throughput table. The access point
202 transmits another control message 918 directing the wire-
less repeater 210 to switch from the access point mode to the
client mode. The wireless repeater 210 transmits the
acknowledgment message 920 1n response to receiving the
control message 918. As described above, 1n some implemen-
tation, the access point 202 can retransmit the control mes-
sage 918 1f the access point 202 does not recerve the acknowl-
edgment message 920. In other implementations, the access
point 202 can abort operations for analyzing the suitability of
the current position of the wireless repeater 210 and switch to
the access point mode 11 the acknowledgment message 920 1s
not received before the predetermined timeout interval
clapses.

After the access point 202 recerves the acknowledgment
message 920, the access point 202 switches to the access
point mode as depicted in state 924. The wireless repeater 210
also switches to the client mode as depicted by state 922. As
depicted by the state 924, the access point 202 also analyses
the access point throughput table and the repeater throughput
table and determines an access point association table and a
repeater association table, as described above with reference
to blocks 520-524 of FIG. 6. The access point 202 transmits
(to the wireless repeater 210) a message 926 comprising the
repeater association table. The wireless repeater 210
acknowledges receipt of the repeater association table by
transmitting an acknowledgement message 928 to the access
point. Finally, the access point 202 transmits an analysis
complete message 930 to the wireless repeater 210 to indicate
that analysis of the suitability of the current position of the
wireless repeater 210 1s completed.

It should be understood that FIGS. 1-9 are examples meant
to aid in understanding embodiments and should not be used
to limit embodiments or limit scope of the claims. Embodi-
ments may perform additional operations, fewer operations,
operations 1n a different order, operations in parallel, and
some operations differently. For example, although FIG. 2
and FIGS. 5-9 describe the access point 202 analyzing the
suitability of the current position of the wireless repeater and
determining whether the client stations 206 and 208 should
directly connect to the access point 202 (or should connect to
the access point 202 via the wireless repeater 210), embodi-
ments are not so limited. In other embodiments, the wireless
repeater 210 can implement functionality for analyzing the
suitability of the current position of the wireless repeater 210
and for determining whether the client stations 206 and 208
should connect to the access point 202 directly or via the
wireless repeater 210. In this embodiment, the access point
202 may determine the access point throughput table as
described above and may provide an indication of the access
point throughput table to the wireless repeater 210. The wire-
less repeater 210, 1n turn, may determine and compare the
AP-repeater-client throughput with the AP-client throughput.
The wireless repeater 210 may also determine and indicate (to
the access point 202) the client stations with which the access
point 202 should associate and the client stations with which
the wireless repeater 210 should associate. Furthermore, in
some 1mplementations, functionality for analyzing the suit-
ability of the current position of the wireless repeater 210 and
for determining whether the client stations 206 and 208
should connect to the access point 202 directly or via the
wireless repeater 210 may be implemented on a standalone
network maintenance unit. The network maintenance unit can
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receive an indication of the access point throughput table
from the access point 202 and an indication of the repeater
throughput table from the wireless repeater 210 and can
accordingly determine the access point association table and
the repeater association table (similarly as was described
above).

Although not described with reference to FIGS. 5-9, 1n
some 1mplementations, 1n response to determimng that the
AP-repeater-client throughput exceeds the AP-client
throughput, the repeater position analysis unit 204 of the
access point 202 can determine whether the AP-repeater-
client throughput also exceeds the predetermined throughput
threshold to determine whether the current position of the
wireless repeater 210 satisfies performance requirements, as
described above with reference to FIGS. 3-4. If it 1s deter-
mined that at 1ts current position the wireless repeater 210
satisfies performance requirements associated with the client
station, the repeater position analysis unit 204 can indicate
success of the current position of the wireless repeater 210
with respect to the client station. Otherwise, the repeater
position analysis unit 204 can indicate failure of the current
position of the wireless repeater 210 with respect to the client
station. In other implementations, however, the repeater posi-
tion analysis unit 212 of the wireless repeater 210 can execute
operations described above with reference to FIGS. 3-4 to
determine the suitability of the current position of the wire-
less repeater 210 with respect to each of the client stations.

Furthermore, in some implementations, the repeater posi-
tion analysis unit 204 can indicate success/failure of the cur-
rent position of the wireless repeater 210 with respect to the
client stations 206 and 208 using LEDs or a display unit. The
success/Tailure of the current position of the wireless repeater
210 can be displayed on the wireless repeater 210, the access
point 202, and/or an externally connected computer system/
display unit. For example, repeater position analysis unit 204
may not switch on the LED associated with the client station
208 1n response to determining that the wireless repeater 210
does not satisiy the performance requirements for the client
station 208 (i.e., on determining that both the AP-repeater-
client throughput and the AP-client throughput are less than
the predetermined throughput threshold). As another
example, the repeater position analysis unit 204 can display
the address, the AP-repeater-client throughput, and success of
the current position of the wireless repeater 210 with respect
to the client station 208 on the display unit (e.g., an LCD
display), in response to determining that the AP-repeater-
client throughput 1s greater than the AP-client throughput and
that the client station 208 should associate with the wireless
repeater 210

Although FIGS. 1-9 depict the repeater position analysis
unit analyzing the suitability of the current position of the
wireless repeater with respect to all the client stations 1n the
wireless communication network, embodiments are not so
limited. In other embodiments, the repeater position analysis
unit may analyze the suitability of the current position of the
wireless repeater with respect to only a subset of the client
stations 1n the wireless communication network. For
example, with reference to FIG. 1, the repeater position
analysis unit 112 may determine to analyze the suitability of
the current position of the wireless repeater 104 with respect
to the client station 108 (and not the client station 106).
Furthermore, in some implementations, the repeater position
analysis unit 112 can also implement the operations described
herein to determine the best position (e.g., in terms of X and
Y coordinates, height, orientation) at which to place the wire-
less repeater 104. The repeater position analysis unit 112 can
determine the AP-repeater-client throughputs associated with
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cach of the client stations 106 and 108 at different positions of
the wireless repeater 104. The repeater position analysis unit
112 can 1dentify the position of the wireless repeater 104 that
yields the best throughput for all the client stations 106 and
108 1n the wireless communication network.

Although FIG. 3 depicts the traflic generation unit 114
transmitting one training packet to the client stations 106 and
108 and the access point 102 to determine the repeater-client
throughput and the repeater-AP throughput respectively,
embodiments are not so limited. In other embodiments, the
traffic generation unit 114 can transmit any suitable number
ol training packets to determine the repeater-client through-
put and the repeater-AP throughput. The traific generation
unit 114 can transmit multiple training packets over a pro-
grammable number of time 1ntervals to guard against varia-
tions 1n PHY rate, PER, and other performance measure-
ments due to attenuation, distortion and other interference
elfects. The number of time intervals can be determined to
maintain an optimal balance between the total time required
to analyze the suitability of the current position of the wireless
repeater 104 and the accuracy of the wireless repeater 104. In
one 1mplementation, the traffic generation unit 114 can
receive an acknowledgement message for each of the trans-
mitted training packets. The performance analysis unit 116
can determine the PHY rate and the PER associated with each
ol the received acknowledgement messages and can calculate
the corresponding repeater-client throughput (or the repeater-
AP throughput). The performance analysis unit 116 can cal-
culate an average repeater-client throughput (or an average
repeater-AP throughput) over the programmable number of
time 1ntervals. In another implementation, the traflic genera-
tion unit 114 can receive one acknowledgement message for
multiple transmitted training packets (e.g., 1 block acknowl-
edgement message per 10 transmitted training packets).
Based on the number of block acknowledgement messages
received, the performance analysis unit 116 can calculate the
repeater-client throughput (and the repeater-AP throughput)
or the average repeater-client throughput (and the average
repeater-AP throughput). The performance analysis unit 116
can then use the calculated throughput values to determine the
suitability of the current position of the wireless repeater 104,
as described with reference to FIGS. 3-4.

Embodiments may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module™ or
“system.” Furthermore, embodiments of the inventive subject
matter may take the form of a computer program product
embodied 1n any tangible medium of expression having com-
puter usable program code embodied in the medium. The
described embodiments may be provided as a computer pro-
gram product, or soitware, that may include a machine-read-
able medium having stored thereon instructions, which may
be used to program a computer system (e.g., a personal com-
puter, mobile phone, television set-top box, or other elec-
tronic device(s)) to perform a process according to embodi-
ments, whether presently described or not, since every
concelvable variation 1s not enumerated herein. A machine-
readable medium includes any mechamsm for storing or
transmitting information in a form (e.g., software, processing,
application) readable by a machine (e.g., a computer). A
machine-readable medium may be a machine-readable stor-
age medium, or a machine-readable signal medmum. A
machine-readable storage medium may include, for example,
but 1s not limited to, magnetic storage medium (e.g., tloppy
diskette); optical storage medium (e.g., CD-ROM); magneto-
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optical storage medium; read only memory (ROM); random
access memory (RAM); erasable programmable memory

(e.g., EPROM and EEPROM); flash memory; or other types

of tangible medium suitable for storing electronic instruc-
tions. A machine-readable signal medium may include a
propagated data signal with computer readable program code
embodied therein, for example, an electrical, optical, acous-
tical, other form of propagated signal (e.g., carrier waves,
infrared signals, digital signals, etc.). Program code embod-
ied on a machine-readable signal medium may be transmaitted
using any suitable medium, including, but not limited to,
wireline, wireless, optical fiber cable, RF, or other communi-
cations medium.

Computer program code for carrying out operations of the
embodiments may be written 1n any combination of one or
more programming languages, including an object oriented
programming language such as Java, Smalltalk, C++ or the
like and conventional procedural programming languages,
such as the “C” programming language or similar program-
ming languages. The program code may execute entirely on a
user’s computer, partly on the user’s computer, as a stand-
alone software package, partly on the user’s computer and
partly on a remote computer or entirely on the remote com-
puter or server. In the latter scenario, the remote computer
may be connected to the user’s computer through any type of
network, mcluding a local area network (LAN), a personal
area network (PAN), or a wide area network (WAN), or the
connection may be made to an external computer (for
example, through the Internet using an Internet Service Pro-
vider).

FIG. 10 1s a block diagram of one embodiment of an
clectronic device 1000 including a mechanism for analyzing
the suitability of the position of a wireless repeater 1n a wire-
less communication network. In some implementations, the
clectronic device 1000 may be one of a personal computer
(PC), alaptop, a tablet computer, a mobile phone, a television
set-top box, a personal digital assistant (PDA), or other elec-
tronic systems comprising a WLAN device configured as an
access point. In another implementation, the electronic
device 1000 can be a standalone WL AN access point config-
ured to establish a WLAN communication link with a wire-
less repeater and one or more WLAN client devices. In
another implementation, the electronic device 1000 may be
one of a personal computer (PC), a laptop, a tablet computer,
a mobile phone, a television set-top box, a personal digital
assistant (PDA), or other electronic systems comprising a
WLAN device configured as a wireless repeater. In another
implementation, the electronic device 1000 can be a standa-
lone wireless repeater configured to establish a WLAN com-
munication link with an access point and one or more WLAN
client devices to extend the range of the access point.

The electronic device 1000 includes a processor unit 1002
(possibly including multiple processors, multiple cores, mul-
tiple nodes, and/or implementing multi-threading, etc.). The
clectronic device 1000 includes a memory unit 1006. The

memory unit 1006 may be system memory (e.g., one or more
of cache, SRAM, DRAM, zero capacitor RAM, Twin Tran-

sistor RAM, eDRAM, FDO RAM, DDR RAM, EEPROM,
NRAM, RRAM, SONOS, PRAM, etc.) or any one or more of
the above already described possible realizations of machine-
readable media. The electronic device 1000 also 1includes a

bus 1010 (e.g., PCI, ISA, PCI-Express, HyperITransport®,
InfiniBand®, NuBus, AHB, AXI, etc.), and network inter-
faces 1004 that include at least one of a wireless network
interface (e.g., a WLAN interface, a Bluetooth® interface, a
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WiIMAX interface, a ZigBee® mtertace, a Wireless USB
interface, etc.) and a wired network interface (e.g., an Ether-
net interface, etc.).

The electronic device 1000 also includes a repeater posi-
tion analysis unit 1008. The repeater position analysis unit
1008 comprises a traflic generation unit 1012 and a perfor-
mance analysis unit 1014. The repeater position analysis unit
1008 can implement operations described above with refer-
ence to FIG. 1 and FIGS. 3-4, when the electronic device 1000
comprises a wireless repeater configured for analyzing the
suitability of the position of the wireless repeater. The
repeater position analysis unit 1008 can implement opera-
tions described above with reference to FIGS. 2, 5, 6, and 9,
when the electronic device 1000 comprises an access point
configured for analyzing the suitability of the position of the
wireless repeater. When the electronic device 1000 comprises
the access point, the wireless repeater (which may also be
implemented as the electronic device 1000 of FIG. 10) can
implement operations described above with reference to
FIGS. 7-9. Any one of these functionalities may be partially
(or entirely) implemented in hardware and/or on the proces-
sor unit 1002. For example, the functionality may be imple-
mented with an application specific integrated circuit, in logic
implemented 1n the processor unit 1002, 1n a co-processor on
a peripheral device or card, etc. Further, realizations may
include tewer or additional components not illustrated in FIG.
10 (e.g., video cards, audio cards, additional network inter-
faces, peripheral devices, etc.). The processor unit 1002, the
memory unit 1006, and the network interfaces 1006 are
coupled to the bus 1010. Although illustrated as being
coupled to the bus 1010, the memory unit 1006 may be
coupled to the processor unit 1002.

While the embodiments are described with reference to
various implementations and exploitations, 1t will be under-
stood that these embodiments are illustrative and that the
scope of the inventive subject matter 1s not limited to them. In
general, techniques for placement of wireless repeaters 1n a
wireless communication network as described herein may be
implemented with facilities consistent with any hardware
system or hardware systems. Many variations, modifications,
additions, and improvements are possible.

Plural instances may be provided for components, opera-
tions, or structures described herein as a single instance.
Finally, boundaries between various components, operations,
and data stores are somewhat arbitrary, and particular opera-
tions are 1llustrated in the context of specific illustrative con-
figurations. Other allocations of functionality are envisioned
and may fall within the scope of the inventive subject matter.
In general, structures and functionality presented as separate
components in the exemplary configurations may be imple-
mented as a combined structure or component. Similarly,
structures and functionality presented as a single component
may be implemented as separate components. These and
other variations, modifications, additions, and improvements
may fall within the scope of the inventive subject matter.

What 1s claimed 1s:

1. A method comprising:

determining, at a wireless repeater, a repeater-to-access

point (repeater-AP) throughput associated with a first
communication link between the wireless repeater and
an access point associated with a wireless communica-
tion network based, at least 1n part, on a performance
measurement for a first plurality of training packets
transmitted between the wireless repeater and the access
point;

for a client station associated with the wireless communi-

cation network,
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determining, at the wireless repeater, a repeater-client
throughput associated with a second communication
link between the wireless repeater and the client sta-
tion based, at least 1n part, on a performance measure-
ment for a second plurality of training packets trans-
mitted between the wireless repeater and the client
station;

determining an AP-repeater-client throughput between
the access point and the client station via the wireless
repeater, the AP-repeater-client throughput based, at
least 1n part, on a mimmum throughput value associ-
ated with the repeater-AP throughput and the
repeater-client throughput; and

indicating whether a current position of the wireless
repeater can meet a predetermined performance
requirement with respect to the client station based, at
least 1n part, on whether the AP-repeater-client
throughput 1s greater than or equal to the predeter-
mined throughput threshold.

2. The method of claam 1, wherein determining the
repeater-AP throughput comprises:

transmitting the first plurality of traiming packets from the

wireless repeater to the access point;

receving an acknowledgement message from the access

point 1n response to transmitting the first plurality of
training packets from the wireless repeater to the access
point;

analyzing the acknowledgement message to determine the

performance measurement associated with the first com-
munication link; and

determining the repeater-AP throughput based, at least 1n

part, on the performance measurement associated with
the first communication link.

3. The method of claim 2, wherein the performance mea-
surement comprises one or more of:

a data rate associated with the acknowledgement message

received from the access point,

a packet error rate associated with the acknowledgement

message and

a packet overhead associated with the first plurality of

training packets and the message.

4. The method of claim 2, wherein determining the
repeater-AP throughput based, at least 1n part, on the perfor-
mance measurement associated with the first communication
link comprises determining a goodput associated with the
first communication link based, at least 1n part, on:

a data rate associated with the acknowledgement message

received from the access point,

a packet error rate associated with the acknowledgement

message, and

a packet overhead associated with the first plurality of

training packets and the acknowledgement message.

5. The method of claam 1, wherein determining the
repeater-AP throughput comprises:

transmitting the first plurality of training packets from the

wireless repeater to the access point within a predeter-
mined number of time intervals;

recerving a plurality of acknowledgement messages from

the access point 1n response to transmitting the first
plurality of training packets from the wireless repeater to
the access point within the predetermined number of
time 1ntervals:

tor each of the plurality of acknowledgement messages,

analyzing the acknowledgement messages to determine
a performance measurement associated with the first
communication link;
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determining an intermediate throughput associated with
the first communication link based, at least 1n part, on
the or more performance measurements associated
with the first communication link between the wire-
less repeater and the access point; and
determining an average of the intermediate throughputs
determined for the plurality of acknowledgement mes-
sages to yield the repeater-AP throughput.
6. The method of claim 1, wherein determining the

repeater-client throughput comprises:
transmitting the second plurality of training packets from
the wireless repeater to the client station;
receiving an acknowledgement message from the client
station 1n response to transmitting the second plurality of
training packets from the wireless repeater to the client
station;
analyzing the acknowledgement message to determine the
performance measurement associated with the second
communication link; and
determining the repeater-client throughput based, at least
in part, on the performance measurement associated
with the second communication link.
7. The method of claim 1, wherein determining the AP-
repeater-client throughput comprises:
calculating a product of the repeater-AP throughput and
the repeater-client throughput;
calculating a sum of the repeater-AP throughput and the
repeater-client throughput; and
dividing the calculated product by the calculated sum to
determine the AP-repeater-client throughput.
8. The method of claim 1, wherein determining the AP-
repeater-client throughput comprises:
determining the minimum throughput value from between
with the repeater- AP throughput and the repeater-client
throughput; and
multiplying the determined minimum throughput value by
a predetermined scale factor to yield the AP-repeater-
client throughput.
9. A method comprising
determining, at an access point, an access point-to-repeater
(AP-repeater) throughput associated with a first commu-
nication link between the access point and a wireless
repeater associated with a wireless communication net-
work based, at least 1n part, on a performance measure-
ment for a first plurality of training packets transmitted
between the access point and the wireless repeater;
determining, at the access point, an AP-client throughput
associated with a direct communication link between the
access point a client station based at least 1n part, on a
performance measurement for a second plurality of
training packets transmitted between the access point
and the client station;
determining a repeater-client throughput associated with a
second communication link between the wireless
repeater and the client station;
determining an AP-repeater-client throughput of a third
communication link between the access point and the
client station via the wireless repeater, the AP-repeater-
client throughout based, at least in part, on the AP-
repeater throughput and the repeater-client throughput;
determining whether the AP-repeater-client throughput
exceeds the AP-client throughput;
causing the client station to establish the direct communi-
cation link with the access point, in response to deter-
mining that the AP-repeater-client throughput does not
exceed the AP-client throughput; and
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causing the client station to establish the third communi-
cation link with the access point via the wireless
repeater, 1 response to determining that the AP-re-
peater-client throughput exceeds the AP-client through-
put.

10. The method of claim 9, turther comprising:

receving, from the wireless repeater at the access point, an

indication of the repeater-client throughput.
11. The method of claim 9, wherein determining the AP-

10 repeater throughput comprises:
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transmitting the first plurality of traiming packets from the
access point to the wireless repeater;

recerving an acknowledgement message from the wireless
repeater 1n response to transmitting the first plurality of
training packets from the access point to the wireless
repeater:;

analyzing the acknowledgement message to determine the
performance measurement associated with the first com-
munication link; and

determining the AP-repeater throughput based, at least 1n
part, on the performance measurement associated with
the first commumnication link.

12. The method of claim 9, wherein determining the AP-

client throughput comprises:

transmitting the second plurality of training packets from
the access point to the client station;

recerving an acknowledgement message from the client
station in response to transmitting the second plurality of
training packets from the access point to the client sta-
tion;

analyzing the acknowledgement message to determine the
performance measurement associated with the direct
communication link; and

determining the AP-client throughput based, at least in
part, on the performance measurement associated with
the direct commumnication link.

13. The method of claim 9, wherein determining whether

the AP-repeater-client throughput exceeds the AP-client
throughput comprises:

determiming whether the AP-repeater-client throughput

exceeds the third throughput by a predefined margin.
14. The method of claim 9, wherein causing the client
station to establish the third communication link with the
access point via the wireless repeater turther comprises:
indicating, 1n a wireless repeater association data structure,
that the client station should establish the third commu-
nication link with the access point via the wireless
repeater in response to determining that the AP-repeater-
client throughput exceeds the AP-client throughput; and

providing, from the access point to the wireless repeater,
the wireless repeater association data structure to cause
the wireless repeater to prevent association with another
client station not indicated within the wireless repeater
association data structure.

15. The method of claim 9, wherein causing the client
station to establish the direct communication link with the
access point further comprises:

preventing association of the access point with another

client station not indicated within an access point asso-
ciation data structure, wherein the access point associa-
tion data structure comprises an indication of client sta-
tions that should establish the direct communication link
with the access point; and

associating with the client stations indicated within the

access point association data structure.

16. The method of claim 9, wherein determining the
repeater-client throughput comprises:



US 8,614,956 B2

27

providing, from the access point to the wireless repeater, a
control message to cause the wireless repeater to switch
from a client mode to an access point mode;

determining whether an acknowledgement message was
received at the access point from the wireless repeater, in
response to providing the control message to the wire-
less repeater;

in response to determining that the acknowledgement mes-
sage was received from the wireless repeater,
causing the access point to switch from the access point

mode to the client mode; and

causing the access point configured 1n the client mode to

associate with the wireless repeater configured 1n the
access point mode;

in response to determining that the acknowledgement mes-
sage was not recerved from the wireless repeater,
determining whether a timeout interval associated with

the acknowledgement message 1s elapsed, wherein

the timeout 1nterval indicates a maximum time dura-

tion for which the access point waits to receive the
acknowledgement message from the wireless
repeater;

retransmitting the control message to the wireless
repeater, 1n response to determining that the timeout
interval associated with the acknowledgement mes-
sage 1s not elapsed; and

aborting operations for analyzing suitability of a current
position of the wireless repeater, 1n response to deter-
mining that the timeout interval associated with the
acknowledgement message 1s elapsed.

17. The method of claim 9, wherein 1n response to deter-
mimng that the AP-repeater-client throughput exceeds the
AP-client throughput, the method turther comprises:

determining whether a current position of the wireless

repeater can meet a predetermined performance require-
ment with respect to the client station based, at least in
part, on whether the AP-repeater-client throughput 1s
greater than or equal to a predetermined throughput
threshold; and

indicating whether the current position of the wireless

repeater can meet predetermined performance require-
ments with respect to the client station.

18. A wireless repeater comprising;:

a Processor;

a network interface coupled with the processor; and

a position analysis umt coupled with the processor and

with the network interface, the position analysis unit
operable to:
determine a repeater-to-access point (repeater-AP)
throughput associated with a first communication link
between the wireless repeater and an access point
associated with a wireless communication network
based, at least in part, on a performance measurement
for a first plurality of training packets transmitted
between the wireless repeater and the access point;
for a client station associated with the wireless commu-
nication network,
determine a repeater-client throughput associated
with a second communication link between the
wireless repeater and the client station based, at
least 1in part, on a performance measurement for a
second plurality of traiming packets transmitted
between the wireless repeater and the client station;
determine an AP-repeater-client throughput between
the access point and the client station via the wire-
less repeater, the AP-repeater-client throughput
based, at least in part, on a mimmum throughput
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value associated with the repeater-AP throughput
and the repeater-client throughput; and

indicate whether a current position of the wireless
repeater can meet a predetermined performance
requirement with respect to the client station based,
at least 1n part, on whether the AP repeater-client
throughput 1s greater than or equal to the predeter-
mined throughput threshold.

19. The wireless repeater of claim 18, wherein the position
analysis unit operable to determine the repeater-AP through-
put further comprises the position analysis unit operable to:

transmit the first plurality of traiming packets from the

wireless repeater to the access point;

recerve an acknowledgement message from the access

point 1n response to the position analysis unit transmiat-
ting the first plurality of training packets to the access
point;

analyze the acknowledgement message to determine the

performance measurement associated with the first com-
munication link; and

determine the repeater-AP throughput based, at least 1n

part, on the performance measurement associated with
the first commumnication link.

20. The wireless repeater of claim 19, wherein the perfor-
mance measurement comprises one or more of a data rate
associated with the acknowledgement message received from
the access point, a packet error rate associated with the
acknowledgement message, and a packet overhead associ-
ated with the first plurality of training packets and the
acknowledgement message.

21. The wireless repeater of claim 18, wherein the position
analysis unit operable to determine the repeater-AP through-
put Turther comprises the position analysis unit operable to:

transmit the first plurality of traiming packets from the

wireless repeater to the access point within a predeter-
mined number of time intervals:

recerve a plurality of acknowledgement messages from the

access point in response to the position analysis unit
transmitting the first plurality of training packets from

the wireless repeater to the access point within the pre-

determined number of time intervals;
for each of the plurality of acknowledgement messages,

analyze the acknowledgement message to determine the
performance measurement associated with the first
communication link;

determine an intermediate throughput associated with
the first communication link based, at least 1n part, on
the performance measurement associated with the

first communication link between the wireless
repeater and the access point; and

determine an average of the mntermediate throughputs

determined for the plurality of acknowledgement mes-
sages to yield the repeater-AP throughput.

22. The wireless repeater of claim 18, wherein the position
analysis unit operable to determine the repeater-client
throughput further comprises the position analysis unit oper-
able to:

transmit the second plurality of training packets from the

wireless repeater to the client station;

recerve an acknowledgement message from the client sta-

tion 1n response to the position analysis unit transmitting
the second plurality of training packets from the wireless
repeater to the client station;

analyze the acknowledgement message to determine the

performance measurement associated with the second
communication; and
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determine the repeater-client throughput based, at least in
part, on the performance measurement associated with
the second communication link.

23. An access point comprising;

a Processor;

a network interface coupled with the processor; and

a position analysis unit coupled with the processor and

with the network interface, the position analysis unit

operable to:

determine an access point-to-repeater (AP-repeater)
throughput associated with a first communication link
between the access point and a wireless repeater asso-
ciated with a wireless communication network;

determine an AP-client throughput associated with a
direct communication link between the access point
and a client station associated with the wireless com-
munication network;

determine a repeater-client throughput associated with a
second communication link between the wireless
repeater and the client station;

determine an AP-repeater-client throughput of a third
communication link between the access point and the
client station via the wireless repeater, the AP-re-
peater-client throughput based, at least 1n part, on the
AP-repeater throughput and the repeater-client
throughput;

determine whether the AP-repeater-client throughput
exceeds the AP-client throughput;

cause the client station to establish the direct communi-
cation link with the access point, in response to the
position analysis unit determining that the AP-re-
peater-client throughput does not exceed the AP-cli-
ent throughput; and

cause the client station to establish the third communi-
cation link with the access point via the wireless
repeater, 1n response to the position analysis unit
determining that the AP-repeater-client throughput
exceeds the AP-client throughput.

24. The access point of claim 23, wherein the position
analysis unit operable to determine the AP-repeater-client
throughput, further comprises the position analysis unit oper-
able to:

provide, to the wireless repeater, a control message to

cause the wireless repeater to switch from a client mode
to an access point mode;
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determine whether an acknowledgement message was
received at the access point from the wireless repeater, in
response to the position analysis unit providing the con-
trol message to the wireless repeater;
in response to the position analysis unit determining that
the acknowledgement message was recerved from the
wireless repeater,
cause the access point to switch from the access point
mode to the client mode: and
cause the access point configured in the client mode to
associate with the wireless repeater configured 1n the
access point mode;
in response to the position analysis unit determining that
the acknowledgement message was not recerved from
the wireless repeater,
determine whether a timeout interval associated with the
acknowledgement message 1s elapsed, wherein the
timeout interval indicates a maximum time duration
for which the access point waits to receive the
acknowledgement message from the wireless
repeater;
retransmit the control message to the wireless repeater,
in response to the position analysis unit determining
that the timeout interval associated with the acknowl-
edgement message 1s not elapsed; and
abort operations for analyzing suitability of the current
position of the wireless repeater, 1n response to the
position analysis unit determining that the timeout
interval associated with the acknowledgement mes-
sage 1s elapsed.
25. The access point of claim 23, wherein the position
analysis unit 1s further operable to:
in response to the position analysis unit determining that
the AP-repeater-client throughput exceeds the AP-client
throughput,
indicate, 1n a wireless repeater association data struc-
ture, that the client station should establish the third
communication link with the access point via the
wireless repeater; and
provide the wireless repeater association data structure to
the wireless repeater to cause the wireless repeater to
prevent association with at least a subset of other client
stations not indicated within the wireless repeater asso-
ciation data structure.
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